We have applied the sol-gel process to generate optical microstructures in glass using in-house developed sol-gel materials. The synthesis of our sol-gel glass materials is based on the formation of particles of controlled size from organo-metallic compounds. The overall shrinkage during annealing of the gel material is negligible and does not imply crack formation. Silica, titania and binary oxides of silica titania oxide sol-gel materials have been used. A two-step pattern transfer is employed to replicate the structure in glass: first a polydimethylsiloxane (PDMS) replica is obtained from a Si, polymethylmethacrylate (PMMA) or polyimide (PI) master structure, and secondly, a layer of sol-gel material is applied on the PDMS `soft-replica' to get diffractive micro-/nano-structures in glass after drying and annealing. These structures are characterised by a scanning electron microscope (SEM) and by an optical diffraction setup.
oxide stabilized in an appropriate solvent. Figure 1 shows a schematic diagram of the sol formation. Figure 2 describes the fabrication sequence for arrays of glass micro-and nano-structures. The fabrication process involves two main steps. The first step is the transfer of a master microstructure to a PDMS film. PDMS is spin-coated on the patterned silicon wafer at a speed of 400 and 450 rpm for 15 s each and dried under vacuum for 30-60 min. Then a heat cure is carried out at 60 °C for 24 h. Subsequently, we gently peel away the PDMS replica from the silicon wafer. The glass microstructure is obtained from the PDMS replica to the sol-gel film as shown in figure 2 , which on further heat treatment provides a glass optical structure with micro-/nanoscale features. Dried gel structures are further heat treated to 600 °C at an appropriate heating rate under ambient atmospheric conditions for about 100 h to get a pure glass micro-/nanostructure. Figure 3 shows SEM photographs of various optical elements having micro-scale features. Columnar grating structures show a high quality surface having a very low surface roughness in the range of few nanometres. These gratings show perfect structural replication from the master structure. The diffraction efficiency of the gratings is evaluated using a He-Ne laser (633 nm). The measurements were performed in reflection and transmission modes for the gratings formed in glass, as shown in figure 4 . The laser irradiation shows high order diffraction spots, which is a proof of the quality of our glass micro-structures. 
Results and Discussion
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Euro Ceramics VIII Figure 3 : Scanning electron micrographs of (a) columnar grating structure in silicon prepared by reactive ion etching in a SF 6 /O 2 plasma to a depths of 800 nm; (b) negative replica of columnar grating structure in PDMS film using the above described procedure; (c) columnar grating structure replicated in sol-gel derived silica glass and heat treated to 600 °C; (d) channel grating structure replicated in sol-gel derived silica glass and heat treated to 600 °C. 
Conclusion
The effectiveness of sol-gel derived materials for glass microstructuring has been demonstrated. Our work offers great potential for low-cost and large-scale manufacturing of sol-gel integrated optic devices employing optical elements in the micro-and nano-metre domain.
